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Abstract. Let (a„)„>o be a sequence of complex numbers such that its gen- 
erating series satisfies J2 n >o a nt n — (i~t) d ^ or some polynomial h(t). For any 
r > 1 we study the transformation of the coefficient series of h(t) to that 
of h^{t) where ^„> a nr t n = We give a precise description of this 

transformation and show that under some natural mild hypotheses the roots of 
(t) converge when r goes to infinity. In particular, this holds if ^2 n>Q a n t n is 
the Hilbert series of a standard graded fc-algebra A. If in addition A is Cohen- 
Macaulay then the coefficients of h^ r \t) are monotonely increasing with r. If 
A is the Stanley-Reisner ring of a simplicial complex A then this relates to 
the rth edgewise subdivision of A which in turn allows some corollaries on the 
behavior of the respective /-vectors. 



1. Introduction and Statement of Results 
In this paper we study for a rational formal power series of the form 

f(t) := a n t n = J^ZJy, a n eCiorn> 0, 

n>0 ^ ' 

the transformation of the numerator polynomial when passing for some number 
r > 1 to the generating function f {r) (t) := J2 n > Q a rn t n = 

We are motivated by the following facts from commutative algebra. Let A = 
©n>o An be a standard graded fc-algebra; that is A is finitely generated in de- 
gree 1 and Aq = k. The Hilbert-Serre Theorem [TQl see Chap. 10.4] asserts 
that its Hilbert-series Hilb(A, t) = Yl n >o di m fc A n t n is a rational function of the 
form m\b(A,t) = t^L for some polynomial h(t) such that h(l) > 1 and d the 
Krull dimension of A. The rth Veronese algebra of A is the standard graded 
fc-algebra A^ := n>o A nr with Hilbert-series Hilb(A< r \t) = J] n>0 dim fc A rn t n 

= Hilb(A, tp r '. Veronese algebras are well studied objects in commutative al- 
gebra and algebraic geometry. In particular, the limiting behavior of algebraic 
properties of A^' for large r has been considered in pQ, [9] and more generally 
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in [11]. Indeed as will be seen later the results from pQ and [9] relate to our own 
results. 

Most results presented in this paper are very much in the spirit of results from 
[I] on the behavior of the h- vector and /i-polynomial of barycentrically subdivided 
simplicial complexes. But even though the formulations of the theorems appear 
to be very similar the proofs are almost disjoint except for the use of Lemma I3U1 
in the proof of Theorem 11.41 

Before we can state the first main result we have to define the following num- 
bers. Here and in the sequel N will denote the nonnegative integers and P the 
strictly positive integers. For d,r,i6N let 

C(r,d,i):= { (oi, . . . ,a d ) G N d I a * + 7 ' \ ^ = ' } , 

' \aj<rjorl<j<d' 

for d > 1 and C(r, 0, i) = 5o,i- Note that it is easy to see that 

C(r,d,i)— ^2 (mi(A),...,m r (A),d-2(A)) ' 
{AC(r d ): |A|=i} 

where, for a partition A, £(X) denotes the number of parts of A and mj(A) the 
number of parts of A that are equal to i. 

Theorem 1.1. Let (a n ) n >o be a sequence of complex numbers such that for some 
s,d>0 its generating series f(t) := J2 n >o an ^ n sa ^ s fi es 



f(t) 

Then for any rePwe have 



h + ■ ■ ■ + h s t s 



4- 4- h^i" 

fin y^< h „.r : : / ''"' 



n>0 

where m:=max(s,d) and 



(i-ty 



hf^^Ctr-Mir-fihj, 

j=0 

for i = 0, . . . , m. 

The following is a simple reformulation of Theorem 11.11 in the case of Hilbert- 
series of standard graded fc-algebras. 

Corollary 1.2. Let A be a standard graded k-algebra of dimension d with Hilbert- 
series 
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Then for any rfFwe have 

m\b(A {r \t) - "° 



ht ] + ■ ■ ■ + hth* 



(i-ty ' 

where m:=raax(s,d) and 

s 

3=0 

for i = 0, . . . , m. 

As a consequence it follows that the first d + 1 entries of the h- vector h(A) = 
(ho, . . . , h s ) of a standard graded algebra grow weakly when taking Veronese 
subalgebras in case hi > for < i < s. Note that this condition for example is 
satisfied if A is Cohen-Macaulay (see for example [2J Proposition 4.3.1]). 

Corollary 1.3. Let A be a standard graded k-algebra of dimension d with Hilbert- 
series 

Hilb(A,t) = ^-^p 

such that hi > for i = 0, . . . , s. Then for any r > 1 the Hilbert- series 



/>> _i i (jWf 

Hilb(^>,t) = -° 



in 



(i-ty 

of the rth Veronese algebra of A satisfies h\ > hi for < % < d. Moreover, if 
r > d then h\ > hi for 1 < i < d — 1. In particular, all conclusions hold if A is 
Cohen-Macaulay. 

Proof. By Corollary O it follows that hl r) = ^ s =0 C(r - 1, d, ir — j) hj. Clearly, 
C(r — l,d,ir — j) > for all r,d,i,j. Moreover, for < i < d we have C(r — 
1, d, ir — i) > 1 since the sum 

i(r — 1) = (r — 1) H + (r - l) + + - - - + 

j times (d-i) times 

is clearly among the sums counted by C(r — 1, d, i(r — 1)). This implies > /i^ 
for < z < rf. It is well known that for a standard graded algebra we have ho = 1. 
Now if r > <i then for 1 < i < d — lwe have ir < (d — l)r < <i(r — 1). Thus 
there is at least one sum representation of ir with d summands < r — 1. Hence 
C(r — 1, d, zr) > 1 and therefore C(r — l,d,ir — 0)ho > 1 which then implies 
h\ r) > hi + 1 for 1 < i < d- 1. □ 

Note that for the Hilbert-series Hilb(A,t) = h °^^ d dt of a standard graded 

algebra A it is well known that h^ = ho = 1 and h^ = h^. Of course these 
identities also follow from Theorem 11.11 
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Theorem 1.4. For any d > 2 there are strictly negative real numbers a% . . . , 
such that for any sequence (a n ) n >o of real numbers such thata^ = 1 anda n > for 
large n whose generating series f(t) = 2~2 n >o a nt n = f or some polynomial 

h(t) with h(l) ^ there is a number R > and sequences of complex numbers 
{Pr )r>i; 1 < * < d, such that : 

(i) f3r is real for r > R and 1 < % < d and strictly negative for r > R and 
1 < i < d- 1. 

(ii) Pr —> oti for r — > oo and 1 < i < d — 2. 

(iii) (3r d ~^ — >■ — oo /or r — > oo. 

(iv) /3r — > /or r — > oo. 

(v) ht ) + --- + h^ = Y\Ui-0t). 

Corollary 1.5. For any d > 2 there are strictly negative real numbers cii . . . , a.d-2 
such that for any standard graded k-algebra of dimension d with Hilbert- series 

triw a +\ h + --- + h s t s 

Hllb (A0 = — ^—-^- d — 

there are R > and sequences of complex numbers ((3r ) r >i> 1 < i < d, such 
that : 

(i) /3r rea/ /or r > R and 1 < i < d and strictly negative for r > R and 
1 < i < d- 1. 

(ii) /3r — > «i /or r — > oo and 1 < i < d — 2. 

(iii) ^ — > — oo /or r — > oo. 

(iv) /3r — » /or r — > oo. 

(v) 4 r> + • ■ • + fcJV = nti(! - /or r > i2. 

In [1] and [9] it is shown that for a standard graded fc-algebra A and r large 
enough the rth Veronese A^' is Koszul (see [TU| p. 450]). In turn it is known 
(see for example [13] ) that this property implies that the numerator polynomial 
of the Hilbert-series has at least one real root. Thus in some sense the previous 
and the following corollary are inspired by this algebraic limiting results. 

Corollary 1.6. Let A be a standard graded k-algebra of dimension d > 1 with 
Hilbert-series 

u-iKZ/i +\ h + --- + h s t s 

m HAt) = — ^—y d — . 

Then there is R > such that for any r > R we have: 

(i) hP > I, < i < d-l, 

(ii) hj r) = for i > d + 1 

(iii) h^\t) has only real zeros. 

In particular, for r > R the sequence (/4 , . . . , h d T ) is log-concave and unimodal. 
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2. Proof of Theorem 11.11 

Proof of TheoremUJl Set h(t) := £* =0 so that f(t) = Let p E C be 

a primitive r-th root of unity. Then p and all its powers fP for any j £ N such 
that j ^ (mod r) satisfy Xli=o(P' 7 )* = 0- Hence: 

r-l 



But 



r 

n>0 i=0 
r-l 



h{ P H) 



l 

E(r^)V^) 

r(i-r) d 



i=0 



r f 1 - t r 



= ^EiE^- 1 ^)^) 

£=0 \i>0 / 

«>o \^=o i=o 

= Jee^- ^-^e^ 

j=0 i>0 1=0 

= EfE^- 1 ^-^')*" 

«>o \i=o / 

and the result follows since if i > s > d then ir — j > sr — s > d(r — 1) for all 
< j < s while if i > d > s then ir — j > dr — d for all < j < s. □ 

We now analyze the transformation described in Theorem 11.11 more closely. 
Consider the vectorspace of all rational functions for polynomials h{t) 

of degree < d. We consider two bases of R^. First the basis B\ consisting of all 

jz l \ w for < i < d. For the second basis we recall the definition of an Eulerian 

(i-tr — — 
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polynomial. For a number i > 1 we define A{(t) = ^2 aeS . t dcs (°") +1 ) where des(cr) 
is the number of descents of the permutation a. If we also set A (t) = A_i(t) = 1 
then the set B\ consisting of all — , < % < d, is a second basis of R^. 

Using the fact that for 1 < i one has Ai(l) ^ one easily checks that indeed B\ 
is a basis of R^. 

For a fixed r > 1 let <& r : R^ — > R^ be the map that sends f(t) to f^(t). Note 
that in the basis B\ the map $ r sends J2 n >o = (l-tf'+i for < i < <i to 

n>0 n>0 

n>0 

= r i Mt) 

(1 

while $ r (v4_i(t)) = A_i(t). In particular, this confirms that $ r is a map from 
Rrf to R^. Moreover, since $. r is easily seen to be linear it follows that in the 
basis B\ the map $ r is represented by the {d + 1) x (c? + 1) diagonal matrix 
diag(l, 1, r, . . . , r d_1 ). The preceding arguments and Theorem 11.11 imply the fol- 
lowing lemma. 

Lemma 2.1. Let Cd, r = {C(r — l,d,ir — j))o<ij<d- Then <£d,r is the matrix 
representing the linear transformation $ r with respect to the basis B\. In partic- 
ular, <Ld,r is diagonizable with eigenvalues 1 of multiplicity two and r, . . . , r d ~ l of 
multiplicity one. 

Indeed we can give a factorization of (t^r which also clarifies its eigenspaces. 
Let £d = (kj)o<i,j<d be the (d + 1) x (d + 1) matrix with entries Uj defined by 

Lemma 2.2. For any d, r > 1 we have 

£ d , r = £ d -diag(l,l,r,...,r d - 1 )-£ d - 1 . 

The vector li = (7o«, • • • , Idif is an eigenvector of €.d, r for the eigenvalue r 1 ^ 1 for 
1 < % < d. Moreover: 

(i) l d ,i = fori <i<d and l d>0 = (-l) d . 

(ii) Zo,i = for 2 < i < d and Zo,o = ^o,i = 1- 

(iii) l-, d >l, l<j<d-l. 

Proof. The matrix £^ describes the base change from B\ to B\. Since by the 
arguments preceding Lemma 12.11 diag(l, 1, r, . . . , r d_1 ) is the matrix of $ r with 
respect to the basis B\ and since by Theorem 11.11 C d) r is the matrix of $ r with 
respect to the basis B\ it follows that <£d,r = £ddiag(l, 1, r, . . . , r d_1 )£ d . The 
preimage of the ith unit vector under S,^ 1 is ii. Since the ith unit vector is 
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an eigenvector for r l_1 of diag(l, 1, r, . . . , r d_1 ) it follows by the first part of the 
lemma that £j is an eigenvector of Cd lT for the eigenvalue r 4_1 , 1 < i < d. 

Assertions (i) - (iii) are immediate consequences of the definitions. □ 

The preceding lemma implies the following combinatorial identity for Eulerian 
numbers. For d > 1 and < i < d let A(d,i) = \{a G Sd : des(cr) = i — 

Proposition 2.3. Let d, r > 1. Then 

d 

J2C(r-l,d+l,ir- j)A(d, j) = r d A(d, i) 

3=0 

for i — 0, . . . , d. In particular 

d 

J2C(r-l,d+l,r-j)A(d,j)=r d . 

j=0 

Clearly, Proposition 12.31 asks for a combinatorial proof. 

3. Proof of Theorem 11.41 
Before we come to the proof of Theorem ll.4l we need some preparatory lemmas. 

Lemma 3.1. Let f(t) = ^feg^ for some d,s>0. Write f(t) = p(t) + ^% 
for polynomials p(t) and hi(t) where hi(t) is of degree < d — 1. Then for any 
r > s — d + 1 we have 



for some polynomial (t) of degree < d and fi (t) = p(°)( 1 ^*)^+ fcl ( t ) _ Moreover, 
h = h^(0) for allr. 

Proof. If s < d then the result follows immediately from Theorem 11.11 so assume 
s > d. Then f(t) = p + p x t + • • • + p s -dt s ~ d + nzifia f° r a polynomial hx(t) of 

degree < d — 1. Hence f(t)^ = Po + tjz^w = fi(t)^ for r > s — d+ 1. Since by 
Theorem 11.11 hi (t) ^ is a polynomial of degree < d the assertion follows. 

The last equality follows by evaluating the generating series at t = 0. □ 

Remark 3.2. Let fit) = Y^=o a nt n = (jz^p • Hd=0 then for sufficiently large r 
we have f(tp r ' = clq. If d = 1 then for sufficiently large r we have f(tp r ' = ho ^~_ hlt 
with ho, hi independent of r. In particular, the numerator polynomial of f(t)^ 
is real rooted with at most one root which is independent of r. 

We recall the following lemma from [1]. 
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Lemma 3.3 (Lemma 4.9 [4]). Let (g n (t)) n >o be a sequence of real polynomials 
of degree d — 2, f(t) another real polynomial of degree d — 2 and p > 1, h d real 
numbers such that: 

> lim n ^oo g n {t)/ p n = 0, where the limit is taken in R d_1 . 

> All the roots of the polynomial f (t) are strictly negative and all coefficients 
of f(t) are strictly positive. 

Then there are real numbers a it 1 < i < d — 2 and sequences ({3i^)n>o, I <i < d 
of complex numbers such that: 

(i) (3^, 1 < i < d, are real for n sufficiently large. 

(ii) Hindoo (3^ = a { , 1 < i < d - 2. 

(iii) lim^oo/^ = 0. 

(iv) Mm^^ [3^ = -oo. 

(V) n£o(* - & (B) ) + tgnit) + P n tf(t) + t d . 

Proof of Theorem \1.4\ By Lemma [3. II we may assume that h(t) is of degree < d. 
Then Theorem II .11 implies that for f^(t) = the polynomial h^ r \t) is again 

of degree < d. 

Let l{ = (la, . . . , ld,ifi < i < d be the eigenvectors of <£d,r as in Lemma 
m Let £i(t) = E g!^f > < z < so ^ = {£ (t), . . . , £ d (t)}. Let /(t) = 
«o^o(^) + • ■ ■ + ct d £ d [t) be the expansion of fit) in the basis B d . Then by Lemma 
Owe have f(t)^ = a £ (t) + a x £i{t) + a 2 r£ 2 {t) + ■■■ + a^H^t). Let 

g r (t) d =t d hV (jj - h d - t d - r d ~ l a d t d £ d 

where £ d (t) = {l-t) d £ d {t). Then deg(# r ) < d-1, g r (0) = and lim,,^ g r {t)/r d ~ l = 
0. Now £ d (t) = A d _i(t) is the (d — l)st Eulerian polynomial. Thus £ d (t) = 

t d £ d (l/t). Hence if we set g r (t) = g r (t)/t, f(t) = A d ^{t)/t then f(t) is a poly- 
nomial of degree d — 2, which is real rooted by [6j P- 292, Ex. 3] and has strictly 
positive coefficients except for the constant, and all the hypotheses of Lemma 1331 
are satisfied. 

Hence Lemma 13.31 becomes applicable and the result follows by passing to the 
reciprocal polynomials. □ 

It remains to provide proofs of Corollaries 11.51 and 11.61 Corollary 11.51 is just a 
reformulation of Theorem II .41 for Hilbert-series. So there is nothing to prove. But 
note that in general passing to Veronese subrings A^ for small r does not suffice 
to guarantee that h^ r ' (t) is real rooted, even in case h(t) is of degree d — 1 and has 
strictly positive coefficients. For example, fit) = ^rjzfp +< is the Hilbert-series 
of the Stanley-Reisner ring of the boundary complex of the 4-simplex. However 
f^(t) = 1+16 *+ 3 ^+^ 6f + m whose numerator polynomial has only two real roots. 
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Proof of \ 1 . 6\ If d = 1 then (iii) follows from (ii) which follows immediately from 
Lemma 13.11 

Let d > 2. Assertions (ii) and (iii) follow immediately from Lemma 13.11 and 
Corollary 11.51 From the proof of Theorem 11.41 we recall that the numerator 
polynomial of Hilb(A' r ',t) can be written as 

(3.1) h d t d + t d g r g) + a d r d - l A d ^ (t) + 1 

for polynomials g r (t) and the Eulerian polynomial A d -i(t). Moreover we have 
lim^oo 5f r (t)/r d_1 = and A d -i(t) has strictly positive coefficients except for the 
constant term which is 0. But this implies that for large enough r the polynomial 
1/r (t g r (l/t)+r A d -i(t)) has strictly positive coefficients. This then implies 
that for large enough r the polynomial in (13. ip has strictly positive coefficients 
except for possibly h d , which proves (i). □ 

4. Veronese of Stanley-Reisner rings 

For a simplicial complex A over ground set Q and a field k we denote by k[A] 
its Stanley-Reisner ring. Recall that k[A] = k[x u : uj G Q]/Ia, where I a is 
the ideal generated by the monomials n^eA 3 -^ f° r A ^ A. Assume that A is 
id — l)-dimensional. We denote by /(A) = . . . , fd-i) the /-vector of A; 
that is f\ is the number of i-dimensional faces of A. Then it is well known that : 

(4.i) mib(MA], t ) = ft ° H (1 :+y 

d 
i=0 



t) 



d 



The rth Veronese of k[A] is a Stanley-Reisner ring only in extremal cases, but still 
it has turned out to be fruitful and meaningful to look for a simplicial complex 
A< r > such that 

(4.2) Hilb(A;[A] <r) ,t) = Hilb(A;[A< r >], t). 

In [3] based on earlier ideas by Sturmfels [TJ], Brun and Romer consider the 
following situation. Set S = k[xi, . . . , x n ) the polynomial ring and let Ja be the 
Stanley-Reisner ideal of a simplicial complex A on ground set [n\. Then the r-th 
Veronese (S/Ia) can be described as a quotient of the polynomial ring S(r) in 
the variables x ilv .. jin indexed by numbers < ii, . . . , i n such that i\ + • • ■ + i n = r. 
If I{r) is the ideal in Sir) such that (S/Ia)^ = S(r)/I(r) then Brun and Romer 
[31 Section 6] describe a initial ideal of J(r) which is the Stanley-Reisner ideal of a 
simplicial complex A(r) on vertex set Q r = {{ii, . . . , i n ) G N" : + - ■ - + i n = r}. 
By basic facts about initial ideals it follows that this A(r) fulfills (14. 2p . The 
simplicial complex A(r) turns out to be realizable as a subdivision of A. This 
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subdivision is called r-th edgewise subdivision and as outlined in [3] has a long 
history in algebraic topology (see e.g. [8], [12]) and a shorter one in discrete 
geometry (see e.g. [7]). 

Before we can describe edgewise subdivision we need some technical prepara- 
tions. Consider W 1 together with its standard unit basis vectors Ci, . . . , e n . By 
the obvious identification we can consider A as a simplicial complex over the 
ground set {ei, . . . , e n } = Note that for r > 1 the elements of Q r are the 
points with integer coordinates in the the r-th dilation of the simplex spanned by 
Qx. For a vector a = (a 1; . . . , a n ) G M. n its support supp(a) is the set {i : a, ^ 0} 
of indices of non-zero coordinates. For i G [n] set Uj = Cj + e i+ i + • — h e n and for 
a = (a x , . . . , On) G R n set t(o) := Y%=i a * u *- 

The r-th edgewise subdivision of A is the simplicial complex A(r) on ground 
set O r such that A C f2 r is a simplex of A(r) if and only if 

(ESDI) \Jsupp(t>) G A. 

(ESD2) For all t>, t»' G A either t(u - t>') G {0, l} n or t(o' - t)) G {0, l} n . 
Now the result by Brun and Romer [3] states. 

Proposition 4.1 (Proposition 6.4 in [3J). Let A be a simplicial complex on 
ground set [n] and I(r) be such that (S/Ia)^ = S(r)/I(r). Then there is a 
term order for which Ia(t) is the initial ideal of I(r). 

In particular, A^ := A(r) satisfies Equation (14. 2p . Clearly, a simplicial com- 
plex A' r ' satisfying Equation (14. 2[) is not uniquely defined. But A(r) appears to 
be a natural choice. 

First we want to study the enumerative properties of A(r). A partial analysis 
can also be found in [7] but there the final formulas appear as alternating sums 
which is not fully satisfactory from the point of view of Enumerative Combina- 
torics. For enumerative purposes Equation fl4.ll) suggests to study a third basis 

of Rd. We denote by B d the set of rational functions Wz^ > < i < d. Indeed 
B\ will be crucial in the proof of the following proposition. 

Proposition 4.2. Let A be a simplicial complex of dimension d — 1 with f- 
vector f(A) = (/_i, . . . , fd-i) an d r G P. If A^ is a simplicial complex such 
thatmb(k[Af\t) = Hilb(A;[A< r )] ) t) then its f -vector /(A< r >) = (f^l-.-J^) 
satisfies 

ii,...,ji>i 

for < % < d. 
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Proof. We denote by Vi(t) = f ' < i < d, the elements of B\. Then there 

are numbers afl (0 < i, £ < d) such that 

(4.3) = ^}v £ (t). 

Hence 



(4-4) E^) (r>a;i = EE^V 



8=0 i=0 £=0 v 7 



a il X 



(i-ty 



(4-5) - E E- 

e=o i=o 

Next we derive a second expansion of the left hand side of ( 14.4p . First we derive 
an expansion of Vi(t)^ r ' as a formal power series. Clearly, for i > 1, 



*W = (IT*)* = E _ i 
v 7 i=o v 

Therefore, for i > 1, 



i=o 



For z = we have (i) = 1 = t>o(£)- 

The preceding expansion leads to the following identity. 



OO OO OO s . \ 

= i+EE(7-~ 1 y*' 

OO OG / . \ 



j=0 i=l 



= i + ^2x(i + x) rj -H j 

3=1 

(4-6) = i + t(i + xy- \ x 

1 — i(l + xy 

Writing the formulas from (14.51) and (14.61) in terms of the variable u = ^ or 
equivalently t = and comparing we obtain 

d oo 

i+uii+xy- 1 - x — — - = EfE^V 
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Thus by 

oo 

+ x) r -\(l + x) r - 1)V +1 

£=0 

oo 

$>^V = x{\ + x y-\{i + x y - if- 1 

and J^i=o a to x l = 1. Hence for any £ > and i > 

From this we conclude the following equalities which imply the assertion 

d 

Y,ftWt) = Hilb(fc[A< r >],t)=ffilb(A ; [A]<*-> l t) 

i=0 

d 

= HUb(A;[A],t)< r >=5]/ li _ 1 t; i (t)< r > 

d d 
i=0 1=0 

31,--,J^>1 

The last equality follows from (14. 7p and the fact that a[ t = for i < i. □ 

As an immediate consequence of Theorem 11.41 we also get the following result. 

Proposition 4.3. For any d > 2 there are real numbers a[, . . . , ci' d _ 2 such that 
for any (d — 1)- dimensional simplicial complex A there are R > and sequences 
of complex numbers (Pr)r>i, 1 < i < d, such that : 

(i) /3r is real for r > R and 1 < % < d and strictly negative for r > R and 
1 < i < d- 1. 

(ii) Pr — > Oi'i for r — ► oo and 1 < z < d — 2. 
(hi) /3r d X ^ — >■ — oo for r — > oo, 



xm(1 + x) r 1 
1 + m-m(1 + x) r 

we obtain for £ > 1 
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(iv) Pr — > — 1 for r — > oo, 

(v) f { -\ + ■■■ + /jV = nti(l - f£% for r > R. 

In particular, for r > R the f -vector of is log-concave and unimodal. 

In [H Theorem 3.1] it is shown that for a simplicial complex with non- negative 
/t-vector the /i-polynomial of its first barycentric subdivision is real rooted. The 
example preceding the proof of Corollary 11.61 shows that such a result is not true 
for edgewise subdivision. More precisely, it shows that the /i-polynomial of the 
second edgewise subdivision of the boundary of the 4-simplex is of degree 4 but 
has only two real roots. 
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